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A scientometric study to analyse the research output in the area of leather has been selected 
as the problem to be investigated. The research output is a good indicator which reflects the 
trend and structure in any discipline. The analysis of leather research over a period of time 
indicates the trends in the cognitive structure of the chosen field. The overall Degree of 
Collaboration for the study period was 19.64. The Degree of Collaboration ranged from 0.71 
and 0.91 during the study  period (1994 to 2018).  The Degree of Collaboration was on the 
increasing trend throughout the study period. From this we infer that multi authored 
contribution percentage was more than single authored contribution percentage. The analysis 
reveals that the Collaborative Index for leather research publications has increased from 2.62 
to 4.08. The overall Collaborative Index was found to be 3.27.   Collaborative Coefficient has 
ranged from 0.34 to 0.55 during the study period. The overall Collaborative Coefficient was 
found to be 0.45.  Rao JR, was the  prolific author both in the global and in Indian leather 
research with 186 publications. Out of the topmost 35 prolific authors in global leather 
research 14 authors which is 40% are from Central Leather Research Institute, in India. The 
top most Prolific Institute in leather research, globally and in India, was Central Leather 
Research Institute with 913 publications. Globally Sichuan university stands second with 
388, which is followed by Shaanxi University of Science and Technology with 324 
publications. In India Anna university ranks second with 76 publications and it is followed by 
Vellore Institute of Technology, Vellore with 52 publications.  
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The leather is a natural material which is eco-friendly as it is biodegradable. It is 
flexible and it moulds to its owner’s life style, shape and way of use. It is breathable which 
means it has the ability to absorb sweat through the opposite side. The thickness of the leather 
influences the stability of leather. The physical properties of leather that make it a unique and 
valuable one that can be used for upholstery purposes are its tensile strength, heat insulation, 
resistance to tear, flexing, abrasion (both wet & dry), wind and puncture. Leather is resistant 
to fire, fungi and chemical attack. Genuine leather will not crack or peel. It has a thermostatic 
property which makes it warm in winter and cool in summer. It is a formable material which 
is partly water proof. It is very elegant in its own colour and it can be dyed with different 
attractive colours. Hence attractive products can be produced which will last long and 
maintain their quality as well. 
 
Leather products are smooth, comfortable and luxurious. It is used for many purposes 
like binding, clothing (jackets, coats, gloves, and hats), saddles, footwear, furniture, watches, 
sports items, bags, automobile and motorcycle seats, cases, holsters, accessories such as belts 
 
and key holders. The industrial applications and commercial value of leather is enormous. 




In 1960 the term ‘scientometrics’ was coined by Vassily V. Nalimov. “Scientometrics is the 
investigation of science as development of information process”, (Nalimov and Mulchenk 
1969). At present technological changes is an utmost issue. Tibor Braun founded the journal 
“Scientometrics” and it was established in 1978. The term scientometrics became more 
significant after the inception of this peer reviewed international journal. Formerly it was 
published from Hungary and now it is being published from Amsterdam.  The journal 
scientometrics is of interdisciplinary nature and hence it is important for scholars, 
researchers, scientists, academicians, librarians, science policy makers, ministries and 
research institutes. Scientometrics has been defined as the “quantitative study of science, 
communication in science, and science policy” by Yoshiyuki Osabe and Mari Jibu(2018). 
Research and Development is vital for the healthy growth of Science. It is used to study the 
growth, structure, interrelationships and productivity and measure research collaborations, to 
map scientific networks and to observe the evolution of scientific fields. 
 
 
Need for the Study  
 
Science and technology activities play a vital role in the economic, social and physical 
development of a country. The scientific and technological research needs huge investments 
and calls for a judicious utilization of scarce resources like finance, trained manpower and 
raw materials. There is always a need to evaluate the developments that provide opportunities 
for defining outreach programmes in the benefit of masses and provide further basis for 
funding those areas for the growth of the nation/institution. There is a need to study the 
research productivity of a country/ world. Considering the salient features and advantages of 
scientometric analysis, the present study i.e. “Studies on Relative Growth Rate and Doubling 
Time of Publications Productivity of Leather Research” becomes relevant. From retrieving 
the relevant review of literature it was understood that scientometric analysis in leather has 
not yet been performed at any level. India has played a major role in producing leather 
research output. Globally leather research documents were produced by many contributors 
from best institutions in best journals and this has initiated to perform the scientometric 
analysis on leather.  
 
Review of Literature  
 
Bathrinarayanan, AL., Vaithyanathan. V , and Narayanan.S (2017) have done a scientometric 
study of research in Advanced Applied Mathematics for a time span of 88 i.e. years between 
1929-2017. The research which was done using Scopus database  found 1075 publications 
were published during that period. Doubling time and growth rate of the  publications were 
analysed. They found the popularity of different languages and  top ten universities which 
have the maximum publications. They understood the recurrence of top ten key words and 
the popularity of document types. The  number of publications in the year 2013 was 79. The 
most recurred keyword was “Algorithm” and the recurrence rate was 3.78%.  The maximum 




Gupta, B.M., et al.(2011) carried out a scientometric research on the publications of Asthma 
globally with reference to India between the years 2007-16. The scientometric assessment 
was carried out using Scopus database. 2094 publications from India were published during 
that period. From the publications among various subjects medicine accounted first (61.32%), 
pharmacology, toxicology & pharmaceutics accounted second(35.05%), genetics and 
microbiology accounted third(7.78%), agricultural and biological sciences accounted 
fifth(3.44%) and chemistry accounted sixth(2.88%). According to the authors comparing with 
developed countries Indian publications on Asthma research was very little with less citation 
impact. Researchers have recommended to scale up the research and development efforts as 
the mortality rate is more. 
 
Singh, M. and Hasan, N. (2013) performed an analysis on the world publications on 
Ayurvedha over the period 2001 to 2010. During the study period 983 papers were published 
and the data was retrieved from science citation Index Expanded of Web of Science(WOS), 
retained as notepad files and analysed using Microsoft Excel. The average number of papers 
produced per year was 98.3. Maximum publications of 173 were found in the year 2009. Out 
of 983 publications 963 were published in English. Most prolific author, Institution and 
Journal with the highest impact factor were identified. During the period 2001 to 2007 there 
was an ascending growth trend and in the year 2008 and 2010 the productivity was slightly 
less. 
 
Heidari, H., et al.(2017) studied and analysed the articles on Big data literature. The content 
and citation of articles  published during 2012-2016 were analysed using SPSS 18. They have 
conducted content analysis to investigate the recent trends and development in big data 
literature. Significant trends of big data were reviewed using Rapid miner 5.3. Articles 
published in this field were  using quantitative methods more when compared to qualitative 
methods. The results help in performing research activities, sharing of the knowledge and 
collaboration in the field of big data research. 
 
Singh, M. K. and Tripathi, A. (2018) performed scientometric analysis to evaluate the 
publications by top ten Indian academic research organisations in the area of Biotechnology. 
A total of 5423 publications were retrieved from the Scopus database for the period 2001-
2016. During the study period the activity index profile of University of Madras was 241, the 
highest in the year 2009. The Journal Molecular and Cellular Biology had been most 
preferred by University of Madras, whose impact factor was 5.988. Punjab University had 
highest collaborative index 116. Out of 5423 publications 1106 publications had international 
collaborations. The All India Institute of Medical sciences had published 26.69% of papers in 
open access journals which is the highest among institutes. The domestic collaboration is 
higher than national and international collaboration. 
 
Neelamma, G. and  Anandhalli, G.  (2016) scientometrically studied the application of 
Bradford’s law in the field of Crystallography during the period 1989-2013. The data 
required for the study was retrieved from Web of Science and analysed. A total of 13,87,195 
citations were extracted from 45,320 articles in 2,043 journals. They studied the country wise 
distribution of citations. USA was found to be the most cited country. They tested the 
applicability of Bradford’s law in the frequency distribution. They prepared the rank list of 
highly cited journals in this field. Journal of Microbiology was the most cited journal with 
5.86% of the total journals. The result revealed that there was a significant research activity 
in the field of crystallography. The graphical interpretation of the Bradford’s law of scattering 
has been applied to the crystallography literature. 
 
 
Thanuskodi, S. and  Venkatalakshmi, V. (2010) biometrically studied the growth and 
development of research output on Ecology during  the period 1990 to 2006. The data for the 
study was retrieved from web of science database. During the study period a total of 501 
records were retrieved. In the year 2005 maximum number of publications i.e. 54 were 
published. They analysed the year wise and source wise distribution. They studied the 
authorship pattern, ranked the authors, author collaboration, compared single vs multi author 
output. Author, Singh J S had published 15 papers which was the maximum during the study 
period. More than 80% of the publications were multi authored. 
 
Nikam, K. (2018) performed scientometric analysis on Graphite research during 1989-2014. 
The data was obtained from web of science database and comprised of a total of 3168 journal 
papers. They identified the form of literature Institute wise, journal wise, funding agency 
wise, research area wise distribution of publications and the most prolific author. The 
maximum publications were contributed by Indian Institute of Technology. The most prolific 
authors in graphite research were Prof RN Goyal and Prof CNR Rao.  
 
Objectives of the Study 
 
Based on the need for the research study and statement of the problem, the following six 
objectives were formulated for the research study 
 
1. To find the Degree of Collaboration, Collaborative Index, Collaborative 
Coefficient and Modified Collaborative Coefficient. 
2. To identify the prolific journals, institutes and authors according to their 
productivity. 
3. To find the correlation between publications & cited, publications & citations, 




As there were very few publications on leather research before 1993 the beginning of the 
study period was chosen as 1994. Since the data collection work for the research was started 
in early 2019, the ending of the study period was fixed as 2018. Thus a period of 25 years 
from 1994 to 2018 was selected as the study period. In this step, the database which is to be 
used as the source for data collection was identified. The multidisciplinary international 
bibliographic database Scopus was selected as the source for data collection because of the 
following reasons: Scopus is an abstract and citation database given by Elsievier which has 
69 million records and covers  36377 titles from more than 11678 publishers.  Scopus gives 
quality measure for each title such as H-index, Cite score and Impact factor. According to 
Burnham (2006), “Scopus is easy to navigate even for the novice user”.  
 
 
To retrieve the relevant data on leather research the following search strategy was used. In the 
search string “Leather” was used in the title and abstract. In the publication year PUBYEAR 
>1994 AND PUBYEAR < 2018 was specified. A total of 11646 bibliometric records on 
leather research published during the study period were retrieved from Scopus database using 
the search strategy. The publications were classified and evaluated using the following four 
clusters of  scientometric indicators . 
 
 
Data Analysis and Interpretation 
 
Table 1: Year wise publications on leather research during the study period 
Sno 
  







1   1994 123 1.06 123 1.06 
2   1995 125 1.07 248 2.13 
3   1996 187 1.61 435 3.74 
4   1997 174 1.49 609 5.23 
5   1998 190 1.63 799 6.86 
6   1999 209 1.79 1008 8.66 
7   2000 253 2.17 1261 10.83 
8   2001 286 2.46 1547 13.29 
9   2002 317 2.72 1864 16.01 
10   2003 325 2.79 2189 18.8 
11   2004 430 3.69 2619 22.49 
12   2005 419 3.6 3038 26.09 
13   2006 432 3.71 3470 29.8 
14   2007 521 4.47 3991 34.27 
15   2008 539 4.63 4530 38.9 
16   2009 529 4.54 5059 43.44 
17   2010 563 4.83 5622 48.28 
18   2011 710 6.1 6332 54.37 
19   2012 708 6.08 7040 60.45 
20   2013 717 6.16 7757 66.61 
21   2014 648 5.56 8405 72.17 
22   2015 805 6.91 9210 79.09 
23   2016 730 6.27 9940 85.36 
24   2017 912 7.83 10852 93.19 
25   2018 794 6.82 11646 100 
   TOTAL 11646 100   
 
According to Price (1963) a publication represents the intellectual property of the 
author. Table 1 shows the year wise documents published globally on leather during the 
period 1994 – 2018. A total of 11646 publications were published during the study period. 
10There is a moderate increase in the number of publications throughout. Maximum number 
of documents 912 (7.83%) were published in the year 2017 and the minimum number of 
documents 123 (1.06%) were published in the year 1994.  
 
Table 2: Authorship Pattern in leather research 
 
Sno  Number of Authors  Publications  
 
% of 11646  Cumulative %  
1 One Author 2035 17.47 17.47 
2 Two Authors 1877 16.12 33.59 
 
3 Three Authors 2168 18.62 52.21 
4 Four Authors 2049 17.59 69.80 
5 Five Authors and Above 3026 25.98 95.78 
6 Anon 491 4.22 100.00 
  TOTAL 11646 100.00   
 
Out of the 11646 publications, only 2035 publications are single authored which is 
only 17%. The remaining 93% publications are joint authored papers. Two authors have 
produced 16% of publications, three authors have produced 19% of  publications, and four 
authors have produced 18% publications. Five authors and above have produced 26% of 
publications. From the authorship pattern it is clearly inferred that more the  number of 
authors the output is more in  quantity. 
 
Table 3: Authors Per Paper and Publications Per Author 
. 






1 1994 123 340 2.76 0.36 
2 1995 125 317 2.54 0.39 
3 1996 187 475 2.54 0.39 
4 1997 174 494 2.84 0.35 
5 1998 190 567 2.98 0.34 
6 1999 209 634 3.03 0.33 
7 2000 253 670 2.65 0.38 
8 2001 286 791 2.77 0.36 
9 2002 317 909 2.87 0.35 
10 2003 325 960 2.95 0.34 
11 2004 430 1249 2.90 0.34 
12 2005 419 1217 2.90 0.34 
13 2006 432 1283 2.97 0.34 
14 2007 521 1623 3.12 0.32 
15 2008 539 1747 3.24 0.31 
16 2009 529 1732 3.27 0.31 
17 2010 563 1750 3.11 0.32 
18 2011 710 2533 3.57 0.28 
19 2012 708 2510 3.55 0.28 
20 2013 717 2617 3.65 0.27 
21 2014 648 2412 3.72 0.27 
22 2015 805 3084 3.83 0.26 
23 2016 730 2975 4.08 0.25 
24 2017 912 3514 3.85 0.26 
25 2018 794 3251 4.09 0.24 
   TOTAL 11646 39654 AVG    3.19  0.32  
 
 
It is noted that 39654 authors have produced 11646 publications. The average number 
of authors per paper was found to be 3.19. From the year 2008 the authors per publication is 
higher than the average number of author per publication. The average number of 
publications per author was found to be 0.32. From the year 2011 the publications per author 
is lesser than the average publications. 
 











1994 34 83 117 0.71 
1995 30 84 114 0.74 
1996 53 125 178 0.70 
1997 41 125 166 0.75 
1998 44 135 179 0.75 
1999 46 148 194 0.76 
2000 69 164 233 0.70 
2001 52 198 250 0.79 
2002 82 193 275 0.70 
2003 77 224 301 0.74 
2004 98 288 386 0.75 
2005 110 275 385 0.71 
2006 100 287 387 0.74 
2007 123 361 484 0.75 
2008 116 391 507 0.77 
2009 124 396 520 0.76 
2010 136 418 554 0.75 
2011 92 604 696 0.87 
2012 105 591 696 0.85 
2013 112 599 711 0.84 
2014 84 556 640 0.87 
2015 86 713 799 0.89 
2016 66 657 723 0.91 
2017 84 788 872 0.90 
2018 71 717 788 0.91 
Anon      491   
Total 2035 9120 11646 19.64 
 Average 17.4 78.3     
 
 
Using Subramanyam’s (1983)  formula given in Equation 1 the Degree of Collaboration (DC) 
in  leather research was calculated  






Nm = Number of Multiple authors during a period in a field 
Ns = Number of Single authors during a period in a field 
 
 
According to Savanur. K Srikanth.R (2010), Degree of Collaboration equals to 1 for 
maximal collaboration. The Degree of Collaboration ranged from 0.71 and 0.91 during the 
study  period (1994 to 2018). The Degree of Collaboration was on the increasing trend 
throughout the study period. From the year 1994 to 2018 single authorship productivity is 
17.4% and multiple authorship productivity is 78.3%. The Degree of Collaboration was 
minimum (0.75) in the years 1996, 2000 and 2002 and it was 0.91 in the year 2016 and 2018 
which was the maximum. It was found from the analysis that the multi authored contribution 
percentage was more than single authored contribution percentage. The degree of 
collaborations during the overall 25 years (1994-2018) is 19.64. From Table 4 we infer that 
more research papers were contributed by multiple authors  
Table 5: Collaboration trend – year wise in leather research 
 
  Authorship 
Total 
article





1994 34 22 28 12 15 1 2 2 0 1 117 2.83 0.52 0.53 
1995 30 28 25 18 9 2 1 0 1 0 114 2.68 0.52 0.52 
1996 53 49 30 23 14 2 5 2 0 0 178 2.62 0.55 0.55 
1997 41 37 36 31 11 5 2 1 0 2 166 2.86 0.50 0.50 
1998 44 34 42 29 14 7 2 3 0 4 179 3.04 0.49 0.49 
1999 46 35 40 36 18 9 5 1 1 3 194 3.12 0.48 0.48 
2000 69 49 49 28 19 13 3 1 0 2 233 2.78 0.53 0.53 
2001 52 48 60 56 17 11 3 1 1 1 250 3.00 0.46 0.47 
2002 82 30 53 58 26 13 6 1 3 3 275 3.08 0.50 0.50 
2003 77 57 60 48 23 19 5 7 3 2 301 3.09 0.49 0.49 
2004 98 70 56 83 43 18 11 3 1 3 386 3.11 0.48 0.48 
2005 110 58 66 70 47 19 7 4 3 1 385 3.04 0.50 0.50 
2006 100 69 71 74 40 22 3 2 2 4 387 3.03 0.49 0.49 
2007 123 68 97 75 61 33 12 8 1 6 484 3.24 0.47 0.47 
2008 116 97 88 69 73 31 18 3 4 8 507 3.29 0.46 0.46 
2009 124 78 91 99 57 42 13 7 4 5 520 3.31 0.46 0.46 
2010 136 110 95 92 56 28 20 10 6 1 554 3.14 0.48 0.48 
2011 92 117 142 149 99 57 26 8 0 6 696 3.58 0.39 0.39 
2012 105 117 135 129 109 53 24 15 5 4 696 3.59 0.40 0.40 
2013 112 104 141 144 106 48 27 14 4 11 711 3.63 0.40 0.40 
2014 84 107 148 106 76 61 26 14 7 11 640 3.72 0.38 0.39 
2015 86 126 147 167 125 84 33 15 9 7 799 3.85 0.36 0.36 
2016 66 100 146 148 111 67 32 23 12 18 723 4.08 0.34 0.34 
2017 84 142 170 158 144 79 46 23 12 14 872 3.97 0.35 0.35 
2018 71 125 152 147 123 70 50 26 10 14 788 4.05 0.34 0.34 
Anon                     491       
  2035 1877 2168 2049 1436 794 382 194 89 131 11646 3.27 0.45 0.46 
 
 
Collaborative Index, Collaborative coefficient, Modified Collaborative coefficient 
were calculated to find out the collaboration in leather research. Collaborative Index 
formulated by Lawani,(1986) is a mean number of authors per joint paper. To determine the 
mean number of authors per joint authored paper Equation 2 was used. 
 


















Here, J= the number of Co-authored papers that appeared in a field 
N= the number of papers in the field over the same time interval 





𝐂𝐂 = 1 − [









MCC was calculated using Equation 4 formulated by Savanur and Srikanth (2010).  Every 
paper was considered to take with  it a single “credit”, and this credit was considered to be   
shared with the collaborated authors. Publications with single author will receive the whole 
credit, with two authors will receive half credit and with n authors will receive 1/n credits.  












A= Total number of papers of a particular year 
N= All total number of authors in collection 
J= the collection of number of authors like two, three, four, etc. 
Fj= all the authors in the collaboration 
 
From the Table 5 it is clearly understood that the collaboration in leather research is 
increasing. The analysis reveals that the Collaborative index for leather research publication 
has increased from 2.83 to 4.05. The overall Collaborative index was found to be 3.27. The 
overall collaborative coefficient was found to be 0.45. Collaborative coefficient has ranged 
from 0.34 to 0.55 during the study period. The overall collaborative coefficient was found to 
be 0.45.  Ajiferuke(1988) stated that the value of Collaborative Coefficient will be zero, when 
single author papers are dominant. This implies that higher the value of Collaborative 
Coefficient, higher the probability of multi authored papers. According to Savanur, K and 
Srikanth. R ( 2010)    “Collaborative Coefficient  fails to yield 1 for maximal collaboration 
except when number of authors is infinite”. Modified collaborative coefficient ranged from 
0.34 to 0.55. The overall Modified Collaborative Coefficient was found to be 0.46. The 
 
statement “Multiple authorship is a common phenomenon in modern science” (Garvey 1979) 
is well proved in leather research output. 
 







1 1 2035 34136 
2 2 1877 19517 
3 3 2168 24011 
4 4 2049 24732 
5 5 1436 17663 
6 6 794 8318 
7 7 382 3167 
8 8 194 1175 
9 9 89 566 
10 10 59 235 
11 11 17 196 
12 12 17 152 
13 13 9 58 
14 14 8 159 
15 15 4 128 
16 16 4 52 
17 18 3 21 
18 19 2 3 
19 20 1 12 
20 21 1 13 
21 22 2 4 
22 35 1 0 
23 38 1 0 
24 50 1 2 
25 69 1 0 
 
 
From the Table 6, it is inferred that  2035 publications have been produced by single 
authors and they have received 34136 citations. Two authors have produced 1877 papers and 
they have received 19517 citations. Three authors have produced 2168 publications and they 
have received 24011 citations. Less than 20 publications have been produced with more than 
10 authors.  Less number of publications have been produced by more than ten authors and 























1994 34 166.31 22 116.67 28 128.56 12 58.29 21 69.08 117 
1995 30 150.60 28 152.39 25 117.80 18 89.74 13 43.89 114 
1996 53 170.40 49 170.80 30 90.54 23 73.44 23 49.73 178 
1997 41 141.35 37 138.29 36 116.50 31 106.14 21 48.69 166 
1998 44 140.67 34 117.85 42 126.04 29 92.08 30 64.50 179 
1999 46 135.70 35 111.94 40 110.76 36 105.47 37 73.40 194 
2000 69 169.47 49 130.48 49 112.97 28 68.30 38 62.77 233 
2001 52 119.04 48 119.13 60 128.92 56 127.32 34 52.34 250 
2002 82 170.64 30 67.69 53 103.53 58 119.88 52 72.77 275 
2003 77 146.40 57 117.50 60 107.08 48 90.64 59 75.44 301 
2004 98 145.30 70 112.52 56 77.93 83 122.22 79 78.77 386 
2005 110 163.51 58 93.47 66 92.09 70 103.34 81 80.97 385 
2006 100 147.88 69 110.62 71 98.55 74 108.68 73 72.60 387 
2007 123 145.44 68 87.17 97 107.66 75 88.07 121 96.22 484 
2008 116 130.94 97 118.71 88 93.24 69 77.35 137 104.00 507 
2009 124 136.47 78 93.07 91 94.01 99 108.21 128 94.74 520 
2010 136 140.49 110 123.20 95 92.12 92 94.39 121 84.06 554 
2011 92 75.65 117 104.30 142 109.60 149 121.68 196 108.38 696 
2012 105 86.34 117 104.30 135 104.19 129 105.35 210 116.12 696 
2013 112 90.15 104 90.76 141 106.53 144 115.11 210 113.67 711 
2014 84 75.11 107 103.73 148 124.22 106 94.14 195 117.26 640 
2015 86 61.60 126 97.84 147 98.83 167 118.80 273 131.50 799 
2016 66 52.24 100 85.82 146 108.48 148 116.35 263 140.00 723 
2017 84 55.13 142 101.04 170 104.72 158 102.99 318 140.35 872 
2018 71 51.56 125 98.42 152 103.62 147 106.03 293 143.10 788 
 
Anon                    491 
  2035   1877   2168   2049   3026   11646 
 
At first CAI was elaborated by Schubert and Braun (1986) and then Garg and Padhi (2002) 
gave the formula in Equation 5 to calculate CAI.  
 
 𝐂𝐀𝐈 = [(
Nij Noj⁄
Nio Noo⁄
) X100] →Eq. 5 
 
Where Nij = Total publications having j authors  for a particular year/country 
Noj = Total publications having j authors for all years 
Nio = Total publications of the particular year    
Noo = Total publications of all the years 
 
 
CAI was calculated proportionally with publications produced by single author, two 
authors and more authored papers for different years and nations. When CAI = 100 the 
inference is that it corresponds to the average co authorship pattern, when CAI > 100 it 
means that it is higher than average co authorship pattern and when CAI<100 it means that it 
is lesser than average co authorship pattern. The quality and quantity of the publications is 
more in collaborative author publications. Table 7 shows that number of authors in 1994 was 
117 and this has increased to 788 in 2018 which shows an escalation towards multi 
authorship publications. In single author publications co authorship index is higher than the 
average from the year 1994 to 2010 and it is lower than the average from 2011 to 2018. In 
two author publications co authorship index is below average for 8 years and it is higher than 
the average for 17 years, hence it is fluctuating throughout. In three author publications co 
authorship index was lower than the average only for 7 years and for the rest it was higher 
than the average. In case of  four authors  co-author ship index was greater than the average 
from 2011 onwards.  From the Table 7 we infer that the multi authored publications are more 
during the study period and this shows the strength of multi authored collaborative research. 
 
Table 8: Most prolific authors in leather research 
Sno Author Total Position 
1 Rao, J.R. 186 1 
2 Nair, B.U. 134 2 
3 Thanikaivelan, P. 82 3 
4 Shi, B. 81 4 
5 Gutterres, M. 80 5 
6 Ma, J. 79 6 
7 Liu, C.K. 73 7 
8 Chen, W. 72 8 
9 Marsal, A. 67 9 
10 Bacardit, A. 65 10 
11 Sekaran, G. 62 11 
12 Muralidharan, C. 56 12 
13 Chandrasekaran, B. 55 13 
14 Taylor, M.M. 55 13 
15 Ollé, L. 51 14 
16 Madhan, B. 47 15 
17 Sreeram, K.J. 47 15 
18 Ramasami, T. 46 16 
19 Covington, A.D. 45 17 
20 Latona, N.P. 45 17 
21 Wang, X. 45 17 
22 Brown, E.M. 44 18 
23 Miu, L. 41 19 
24 Cot, J. 40 20 
25 Gaidau, C. 39 21 
26 Mandal, A.B. 39 21 
27 Marmer, W.N. 38 22 
28 Morera, J.M. 38 22 
 
29 Font, J. 37 23 
30 Kanth, S.V. 37 23 
31 Fathima, N.N. 36 24 
32 Gao, D. 36 24 
33 Aravindhan, R. 35 25 
34 Sivakumar, V. 35 25 
35 Bitlisli, B.O. 33 25 
 
Rao JR holds the first position with 186 publications,  Nair B.U holds the second 
position with 134 publications, Thanikaivelan P holds the third position with 82 Publications. 
The authors who had received the first three positions are from Central Leather Research 
Institute which is the top most leather Institute in India and throughout the world.  Out of 35 
most prolific authors 14 authors which means 40% of the authors are from Central Leather 
Research Institute. 
 
Table 9: Topmost 25 leather journals with the number of publications and citations 
Sno Source title 
Number of 
Publications Cited Citations 
1 
Journal of the American Leather Chemists 
Association 823 706 6081 
2 
Journal of the Society of Leather Technologists 
and Chemists 720 536 3296 
3 
Proceedings of the 34th IULTCS Congress: 
Science and Technology for Sustainability of 
Leather 141 3 4 
4 
32nd Congress of the International Union of 
Leather Technologists and Chemist Societies, 
IULTCS 2013 132 24 39 
5 Journal of Cleaner Production 126 126 3125 
6 Leather and Footwear Journal 117 58 143 
7 31st IULTCS Congress 112 16 18 
8 Journal of Hazardous Materials 111 110 7234 
9 XXXIII IULTCS Congress 109 22 28 
10 Advanced Materials Research 102 46 135 
11 Water Science and Technology 79 74 1728 
12 Journal of Applied Polymer Science 78 78 1001 
13 Chemosphere 66 66 2891 
14 Bio resource Technology 56 56 2607 
15 Contact Dermatitis 55 53 1346 
16 
Proceedings of SPIE - The International Society 
for Optical Engineering 54 32 111 
17 
IOP Conference Series: Materials Science and 
Engineering 49 6 15 
18 Environmental Science and Pollution Research 48 46 597 
19 Waste Management 44 43 1422 
20 Water Research 41 41 4224 
 
21 
Journal of the Society of Leather Technologies 
and Chemists 38 34 225 
22 Environmental Monitoring and Assessment 38 37 1159 
23 Revista de Chimie 38 35 202 
24 
ICAMS Proceedings of the International 
Conference on Advanced Materials and Systems 37 11 13 
25 Environmental Science and Technology 35 33 2078 
   TOTAL 3211     
 
Journal of the American Leather Chemists Association (JALCA) had published 823 
documents and ranked first in the list. The second position was occupied by the Journal of the 
Society of Leather Technologists and Chemists (JSLTC). IULTCS congress proceedings had 
occupied the third, fourth, seventh, ninth position and has contributed a total of 494 
publications. The journal of Cleaner production, Leather and Footwear Journal and Journal of 
Hazardous materials occupy the fifth, sixth and eighth positions respectively. Journal of 
hazardous materials have received the maximum citations 7234, followed by Journal of the 
American Leather Chemists Association with 6081 citations which was followed by Water 
Research journal with 4224 citations. Apart from the above said journals more than 2000 
citations have been received by 5 journals. Less than 100 documents have been published 
from the journals with serial numbers from 11 to 25.  
 
Table 10: Bradford’s distribution of journals in leather research 
Sno. 








1   1 817 817 817 
2   1 682 682 1499 
3   1 141 141 1640 
4   1 132 132 1772 
5   1 126 126 1898 
6   1 117 117 2015 
7   1 112 112 2127 
8   1 111 111 2238 
9   1 109 109 2347 
10   1 102 102 2449 
11   1 79 79 2528 
12   1 78 78 2606 
13   1 66 66 2672 
14   1 56 56 2728 
15   1 55 55 2783 
16   1 54 54 2837 
17   1 49 49 2886 
  
 
Table 10 : Bradford’s distribution of journals in leather research (contd.) 
Sno. 








18   1 48 48 2934 
19   1 44 44 2978 
20   1 41 41 3019 
21   3 38 114 3133 
22   1 37 37 3170 
23   3 35 105 3275 
24   2 34 68 3343 
25   1 32 32 3375 
26   3 30 90 3465 
27   1 29 29 3494 
28   5 28 140 3634 
29   4 27 108 3742 
30   2 26 52 3794 
31   4 25 100 3894 
32   3 24 72 3966 
33   1 23 23 3989 
34   2 22 44 4033 
35   7 21 147 4180 
36   3 20 60 4240 
37   4 19 76 4316 
38   5 18 90 4406 
39   3 17 51 4457 
40   7 16 112 4569 
41   6 15 90 4659 
42   14 14 196 4855 
43   12 13 156 5011 
44   8 12 96 5107 
45   12 11 132 5239 
46   20 10 200 5439 
47   21 9 189 5628 
48   38 8 304 5932 
49   44 7 308 6240 
50   47 6 282 6522 
51   76 5 380 6902 
52   119 4 476 7378 
53   218 3 654 8032 
54   518 2 1036 9068 
55   2577 1 2577 11646 
    3814 3660 11646   
 
 
Table 10 shows the  Bradford’s distribution of journals. According to Bradford (1953)  
Law,  huge number of publications are scattered in very less number of journals and a high 
number of  journals have proportionally less number of articles. Journals are arranged in three 
zones according to their publication output,  The first zone had the lowest number of journals 
which are  prolific journals called the core  journals and the second zone had a reasonably  
high number of journals with same number of articles. The  third group had very high number 
of journals with same number of articles. According to Bradford (1963) scientific journals are 
organized in the  diminishing order of productivity on a particular field  and then separated 
into nucleus of periodicals dedicated to the subject and many groups which hold the same 
number of articles as the nucleus and following zones will be as 1: n: n 2 and so on, where ‘n’ 
is  known as the ‘Bradford multiplier’.  
 





records  Multiplying factor  
zone1 49 3894  
zone2 452 3484 0.89 
zone3 3313 4268 1.22 
Total 3814 11646 2.22(1.05) 
 
Table 11 reveals that the zone 1 is formed by 49 core journals which is a small number , zone 
2 is formed by 452 journals and zone 3 is formed by 3307 journals which is the largest 
number. The multiplying factor 0.89 is found between zone1 and zone 2 whereas the 
multiplying factor is 1.22 between zone 2 and zone 3. In leather research the relationship 
between the journals is given 49:452:3313 which does not match Bradford’s distribution of 
journals. The zone 1 contains 49 journals which is more than Bradford’s formula, zone 2 
contains 452 journals which is also more than Bradford’s formula. 
 
Table 12: Normalised Journal Position and Practical Rank Score of leather journals 
 
Sno Source title Rank Publications NJP PRS 
1 
Journal of the American Leather Chemists 
Association 1 817 0.99 1.00 
2 Advanced Materials Research 10 102 0.90 0.91 
3 Water Research 20 41 0.80 0.81 
4 
Clean Technologies and Environmental 
Policy 30 32 0.70 0.71 
5 
Environmental Technology (United 
Kingdom) 40 27 0.60 0.61 
6 Occupational and Environmental Medicine 50 24 0.50 0.51 
7 Textile Network 60 21 0.40 0.41 
8 
Lecture Notes in Computer Science 
(including subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes in 
Bioinformatics) 70 18 0.30 0.31 
9 Resources, Conservation and Recycling 80 16 0.20 0.21 
10 International Journal of Biological 90 15 0.10 0.11 
 
Macromolecules 
11 Textile View Magazine 100 14 0.00 0.01 
 
 
The techniques recommended by Tague(1990), Bordon & Barrigon(1992) and Vinkler(1988 )  
were used in computing  the Normalised Journal Position ( NJP).  Normalised Journal 
Position  was calculated using the formula  given in Equation 6. 
 
𝐍𝐉𝐏 = 𝟏 − (
𝒓𝒋
𝑱
) →Eq. 6 
 
Vinkler (1988b) assisted in formulating the technique  of calculating Practical Rank Score            
(PRS) which is given in Equation 7.   
 𝐏𝐑𝐒 = 1 − (
𝑟𝑗−1
𝐽
) →Eq. 7 
 rj- Rank number of jth journal   
J- Number of journals 
The main aim of calculating NJP and PRS is to balance differences initiating from the 
different size of journal sets evaluated. Both PRS and NJP are almost having similar values 
for all the journals listed in Table 4.28.  
 





Y x=X-466 y=Y-307 x2 y2 xy 
1 1994 123 93 -343 -214 117649 45796 73402 
2 1995 125 92 -341 -215 116281 46225 73315 
3 1996 187 131 -279 -176 77841 30976 49104 
4 1997 174 124 -292 -183 85264 33489 53436 
5 1998 190 141 -276 -166 76176 27556 45816 
6 1999 209 147 -257 -160 66049 25600 41120 
7 2000 253 173 -213 -134 45369 17956 28542 
8 2001 286 199 -180 -108 32400 11664 19440 
9 2002 317 200 -149 -107 22201 11449 15943 
10 2003 325 224 -141 -83 19881 6889 11703 
11 2004 430 285 -36 -22 1296 484 792 
12 2005 419 279 -47 -28 2209 784 1316 
13 2006 432 282 -34 -25 1156 625 850 
14 2007 521 361 55 54 3025 2916 2970 
15 2008 539 364 73 57 5329 3249 4161 
16 2009 529 374 63 67 3969 4489 4221 
17 2010 563 383 97 76 9409 5776 7372 
18 2011 710 468 244 161 59536 25921 39284 
19 2012 708 501 242 194 58564 37636 46948 
20 2013 717 466 251 159 63001 25281 39909 
21 2014 648 471 182 164 33124 26896 29848 
22 2015 805 529 339 222 114921 49284 75258 
23 2016 730 493 264 186 69696 34596 49104 






Y x=X-466 y=Y-307 x2 y2 xy 
25 2018 794 433 328 126 107584 15876 41328 
    11646 7675 -4 0 1390846 515438 824312 
 
Using the following  formula in Equation 8 Pearson coefficient was found. 
 
Pearson Coefficient r =
𝑁𝛴𝑥𝑦 − (𝛴𝑥)(𝛴𝑦)




The publications X column was summed and it was divided by the number of years in this 
case N is 25. This value was subtracted from X to get x. The value y is calculated by 
summing the citations column Y and dividing by 25 and subtracting it from Y. 
 








Pearson Correlation 1 0.97 
Sig(2-tailed)   .000 
N 25 25 
Number of 
times cited 
Pearson Correlation 0.97  1 
Sig(2-tailed) .000   
N 25 25 
 
**. Correlation is significant at the 0.01 level (2-tailed). 
There is strong positive correlation between publications and cited papers. 
 
The correlation between the publications and cited papers is 0.97. The Pearson’s 
correlation coefficient is significant at 1% level of significance. There is a strong positive 
correlation between publications and cited papers. Further coefficient of determination r is 
.9409 which tells that 94.09% of citation depends on publications and the remaining 5.91% 
depends on other factors. As the Pearson’s coefficient (0.97) is highly positive, there is a 
strong correlation. Hence it is found that the cited papers increases as the publication 
increases.   
 










5399 x2 y2 xy 
1 1994 123 1481 -343 -3918 117649 15350724 1343874 
2 1995 125 2075 -341 -3324 116281 11048976 1133484 
3 1996 187 2649 -279 -2750 77841 7562500 767250 
4 1997 174 4261 -292 -1138 85264 1295044 332296 
5 1998 190 4983 -276 -416 76176 173056 114816 
6 1999 209 3980 -257 -1419 66049 2013561 364683 
7 2000 253 3133 -213 -2266 45369 5134756 482658 
8 2001 286 5795 -180 396 32400 156816 -71280 
 
9 2002 317 6361 -149 962 22201 925444 -143338 
10 2003 325 5779 -141 380 19881 144400 -53580 
11 2004 430 7277 -36 1878 1296 3526884 -67608 
12 2005 419 5424 -47 25 2209 625 -1175 
13 2006 432 12650 -34 7251 1156 52577001 -246534 
14 2007 521 7070 55 1671 3025 2792241 91905 
15 2008 539 7253 73 1854 5329 3437316 135342 
16 2009 529 9347 63 3948 3969 15586704 248724 
17 2010 563 6456 97 1057 9409 1117249 102529 
18 2011 710 8798 244 3399 59536 11553201 829356 
19 2012 708 6217 242 818 58564 669124 197956 
20 2013 717 6201 251 802 63001 643204 201302 
21 2014 648 4720 182 -679 33124 461041 -123578 
22 2015 805 4492 339 -907 114921 822649 -307473 
23 2016 730 4084 264 -1315 69696 1729225 -347160 
24 2017 912 2563 446 -2836 198916 8042896 -1264856 
25 2018 794 1929 328 -3470 107584 12040900 -1138160 
   11646 134978 -4 3 1390846 158805537 2581433 
 








Pearson Correlation 1 0.174 
Sig(2-tailed)    .406 
N 25 25 
Number of 
Citations 
Pearson Correlation 0.174  1 
Sig(2-tailed) 0.406   
N 25 25 
 
 
The correlation between the publications and citations is 0.17.  The Pearson’s 
correlation is not significant and hence there is no significant  correlation between 
publications and citations.  
 
 






x =  
X-466 
y=  
Y-1586 x2 y2 xy 
1 1994 123 340 -343 -1246 117649 1552516 427378 
2 1995 125 317 -341 -1269 116281 1610361 432729 
3 1996 187 475 -279 -1111 77841 1234321 309969 
4 1997 174 494 -292 -1092 85264 1192464 318864 
5 1998 190 567 -276 -1019 76176 1038361 281244 
6 1999 209 634 -257 -952 66049 906304 244664 
7 2000 253 670 -213 -916 45369 839056 195108 







x =  
X-466 
y=  
Y-1586 x2 y2 xy 
9 2002 317 909 -149 -677 22201 458329 100873 
10 2003 325 960 -141 -626 19881 391876 88266 
11 2004 430 1249 -36 -337 1296 113569 12132 
12 2005 419 1217 -47 -369 2209 136161 17343 
13 2006 432 1283 -34 -303 1156 91809 10302 
14 2007 521 1623 55 37 3025 1369 2035 
15 2008 539 1747 73 161 5329 25921 11753 
16 2009 529 1732 63 146 3969 21316 9198 
17 2010 563 1750 97 164 9409 26896 15908 
18 2011 710 2533 244 947 59536 896809 231068 
19 2012 708 2510 242 924 58564 853776 223608 
20 2013 717 2617 251 1031 63001 1062961 258781 
21 2014 648 2412 182 826 33124 682276 150332 
22 2015 805 3084 339 1498 114921 2244004 507822 
23 2016 730 2975 264 1389 69696 1929321 366696 
24 2017 912 3514 446 1928 198916 3717184 859888 
25 2018 794 3251 328 1665 107584 2772225 546120 
   TOTAL 11646 39654 -4 4 1390846 24431210 5765181 
 









Correlation 1 0.989** 
Sig(2-tailed)   .000 




Correlation 0.989**  1 
Sig(2-tailed) .000   
N 25 25 
       **Correlation is significant at the 0.01 level (2-tailed). 
 
 
The correlation between the publications and authors is 0.98 and it is significant at 0.01 level. 
There is a strong positive correlation between the publications and authors. r= 9.89 and r2 
which is the coefficient of determination is found to be 0.96. Therefore 96% of the 







Findings of the Study 
 
 
• The overall Degree of Collaboration for the study period was 19.64. The Degree of 
Collaboration ranged from 0.71 and 0.91 during the study  period (1994 to 2018).  The 
Degree of Collaboration was on the increasing trend throughout the study period. 
From this we infer that multi authored contribution percentage was more than single 
authored contribution percentage. 
• The analysis reveals that the Collaborative Index for leather research publications has 
increased from 2.62 to 4.08. The overall Collaborative Index was found to be 3.27.   
• Collaborative Coefficient has ranged from 0.34 to 0.55 during the study period. The 
overall Collaborative Coefficient was found to be 0.45.  
• Modified Collaborative Coefficient ranged from 0.34 to 0.55. The overall Modified 
Collaborative Coefficient was found to be 0.46. 
• Prolific Journal in leather research at the global level was Journal of the American 
Leather Chemists Association (JALCA). It ranks first with 823 publications and 
Journal of the Society of Leather Technologists and Chemists (JSLTC) ranks second 
with 720 publications. Immediacy index of JALCA ranged from 1.09 to 20.50 and the 
Immediacy index of JSLTC ranged from 0.51 to 10.13. 
• Rao JR, was the  prolific author both in the global and in Indian leather research with 
186 publications. Out of the topmost 35 prolific authors in global leather research 14 
authors which is 40% are from Central Leather Research Institute, in India. 
• The top most Prolific Institute in leather research, globally and in India, was Central 
Leather Research Institute with 913 publications. Globally Sichuan university stands 
second with 388, which is followed by Shaanxi University of Science and Technology 
with 324 publications. In India Anna university ranks second with 76 publications and 
it is followed by Vellore Institute of Technology, Vellore with 52 publications.  
• A strong positive correlation (0.97) exits between the number of publications and cited 
papers.  
• A weak (not significant) correlation (0.174) exists between the number of publications 
and citations. 





Based on the findings of the research study two sets of recommendations have been made one 
for research organisations and another for researchers. 
• Sign more MOUs with leading research institutions and universities to encourage 
collaborative research. 
• Motivate the researchers to publish more by providing incentives and awards. 
• Train the young researchers in Research methodology and preparation of papers for 
publications in journals. 
• Researchers have to do more collaborative work. 
• Researchers have to publish more in journals which have high Impact factor.  








Based  on the findings of the research study, presented in the above, certain major 
conclusions pertaining to leather research during the study period of 25 years i.e. from (1994-
2018) have been arrived at. The overall Degree of collaboration during the study period was 
19.64. From this it was concluded that more research papers have been contributed by 
multiple authors. The overall Collaborative Coefficient was found to be 0.45 and the overall 
Modified Collaborative Coefficient was 0.46. Journal of the American Leather Chemists 
Association (JALCA) and Journal of the Society of Leather Technologists and Chemists 
(JSLTC) are the topmost two prolific journals globally. Rao JR was the top most prolific 
author both in the global level and in India with 186 publications. Central Leather Research 
Institute was the top most prolific Institute with 913 publications both in the global level and 
in India. A strong positive correlation (0.97) exists between the number of publications and 
cited papers. A weak (not significant) correlation (0.174) exists between the number of 
publications and citations. A strong positive correlation (0.98) exists between the number of 
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